Abstract-Electromagnetic radiation produce by mobile phone and the relationship with the human's health is not a new issue nowadays. Since the used of mobile phone had increased rapidly over the past few years, people are becoming more concern with their health when dealing with the so-called electromagnetic radiation. This type of radiation would leads to heating of body tissue at specific rate called the thermal radiation. Thermal radiation depends on the frequency of the energy, the power density of the radio frequency field that strikes the body and the polarization of wave. This paper will discuss on the result collected from the thermal radiation generated by handheld mobile phone with frequency of 900 MHz towards adult human head. The analysis is conducted in a laboratory with average of 45 minutes talking hour with two different types of mobile phone, internal and external antenna. The results show an increased of heat especially at the place near the ear skull after 45 minutes of operation. When comparing both different types of mobile phone, mobile phone with external antenna produce more heat compared to mobile phone with internal antenna.
I. INTRODUCTION Radio frequency exposure produced by mobile phones and the relationship with the human health is a big concern nowadays. Researches and studies had been conducted based on epidemiological and experimental analysis. National Radiological Protection Board (NRPB) or currently known as Health Protection Agency (HPA) has prepared and published a report to provide advice to address public concerns about the mobile technology [1] . Electromagnetic fields (EMF) consists of oscillating electric and magnetic fields which interact differently with biological systems such as cells, plants, animals or human beings. This field is produced by the used of mobile phone especially for longer period of time. A certain amount of energy radiated by handset device due to the presence of EMF is absorbed by the user's body tissue because of the existence of the electromagnetic radiation. Both RF and 60 Hz fields are classified as non-ionizing radiation due to the low frequency, but still at sufficiently high power densities, the electromagnetic radiation can poses certain health hazards [2] . The high RF energy also can cause injuries by heating body tissue called the thermal effects depend upon the frequency of the energy, the power density of the RF field that strikes the body and the polarization of the wave. Besides, RF energy is absorbed more efficiently thus lead to maximum heating when operating at the frequencies near the body's natural resonant frequency [2] . For example, the adult humans head resonates around 400 MHz and baby's smaller head resonates near 700 MHz, thus increasing the RF energy being absorbed as shown in figure 1. This research was conducted by Profesor Om Ghandi one of the scientist in University of Utah in 1996. The levels of energy absorbed is measured using a specific term called the specific absorption rate (SAR) and expressed in watts per unit mass of tissue, Wkg -1 . SAR is used for the frequency between 100 kHz to 10 GHz which depend on the geometry part of the body exposed, the location and the source of the energy [3] . SAR is the mass-normalized rate of an electromagnetic energy absorbed by the body at a specific location (x, y, z) and represented using the equation [1] .
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where, σ is tissue conductivity, ρ is tissue mass density and E is the root mean square (RMS) value of the induced interval field strength.
There is a general agreement that the main demonstrable effect on the human body above 100 kHz is thermal effect due to the transfer of electromagnetic field energy to the body [4] . The major parts of humans body is consisting of water molecules which are polar molecules liable to be influenced by electromagnetic fields. The RF energy will cause the polar molecules to follow the reversals of the RF energy cycles. However due to the frequency and inability of the molecules to follow the cycles, the vibrations will lag on them thus resulting in a gain of energy from the field. This will resulted in temperature rise on the radiated parts [4] . As the human body is made up of such a complex mixture of tissues, nonuniform distribution of heat may occur. Hot spots, the part that has the highest SARs may occur in the human body over the range of about 30 to 400 MHz. For a person using a cell phone, the most heating effect will occur at the surface of the head, causing the temperature to increase which is less than that obtained during the exposure of the head to direct sunlight. It has been claimed that some parts of the human head are more sensitive to damage in increases in temperature especially in anatomical structures such as nerve fibers. Besides, researchers have reported that the electromagnetic radiation from mobile phone also has an effect on the cortex, the outer region of the brain [5] .
A study conducted by Professor Kjell Mild from Orebro University in Sweden revealed that for a person using a mobile phone for an average of one hour or more each day will has 30% chance of developing brain tumour [6] [7] . It is also studied that worst of all, children, babies and adolescents appear to be most at risk even the mobile phone is only switched on. One of the solutions is by using hands free tools in order to protect the harmful magnetic field.
The level of temperature rise on human's head can be measured and analyze using infrared thermal camera known as thermography. Thermal or infrared energy that perceived from heat (electromagnetic spectrum) is not visible to human's eye due to the long wavelength it has. As the temperature increase, more heat will be introduce in the system and tracked via thermography. Thermal imaging is capable of measuring local temperature directly because it is able to accurately measure two dimensional temperature fields with high thermal temporal and spatial solutions. The strength of the level of temperature rise is an indicator of the total exposure related to radio frequency electromagnetic radiation from the mobile phone.
II. LITERATURE REVIEW

A. GSM900 system and electromagnetic radiation
Mobile phone is designed with low power transceiver in order to transmit voice and data to a few kilometers to where the base station is located. When a call is established, the mobile phone will sends radio signals to the closest radio base station antennas which in turn is connected to a mobile switch. The power transmitted from a mobile is dependent on the received coverage level from the base station. Signal strength from the base station varied depending on the distance of mobile phone from the base station Mobile phones and base stations are designed to transmit the lowest amount of power as required to sustain a call in order to minimize the possibility of interference to the system if excessive power is used. This value is depending on the Effective Isotropic Radiated Power (EIRP) of the antenna. This value is used to calculate the coverage area of particular base station site and expressed in watts or dBm.
Many portable phone terminals used monopole antennas. This type of antenna has approximately half a wavelength in length in order to increase the antenna gain with the actual length is 3/8λ or 5/8λ. This is due to the impedance matching considerations at the antenna feed point. A monopole antenna is a type of radio antenna formed by replacing one half of a dipole antenna with a ground plane at right-angles to the remaining half [9] . Figure 2 shows the radiation pattern of a monopole antenna used for mobile phone. [16] GSM in Malaysia is using spectrum in band of 880-915 MHz for receiving and 925-960 MHz for transmitting. The actual frequency allocation is shown in table 1. 
the so-called extended GSM (E-GSM) that uses 880-915 MHz (uplink) and 925-960 MHz (downlink), adding 50 channels (channel numbers 975 to 1023 and 0) to the original GSM-900 band.
B. Electromagnetic field towards human body
Exposure to low frequency electric and magnetic fields normally result in negligible energy absorption and no measurable temperature rise in the body. However, exposure to EMF at higher frequencies can lead to significant absorption of energy and an increase in temperature. Safety standard was introduced indicating an acceptable degree of exposure of a human body to the electromagnetic waves with the standard level of irradiation of the surface of the human body is 1mW/cm 2 . Human body is made up of approximately 65-70% water, electrolytes and ions. Human body has its own weak electromagnetic field and each of the cell has its own EM field too. Therefore, weak EMF such as RF radiation emitted from mobile phone will interact with human body and affect the human body's own weak EMF. As the human body's own weak EMF were interfered, the body's natural healing processes also interfered causing the displacement of electrolytes and ions thus weakening the defense mechanism of the body expands energy to redress this imbalance.
C. SAR distributions
Different concepts and quantities have been proposed and used to characterize propagation and absorption of electromagnetic energy in biological systems. One of the identity is so called the specific absorption rate (SAR). SAR is the time rate of energy absorption per gram of tissue from non-ionizing electromagnetic radiation. The term SAR distribution is used to indicate the pattern of SAR inside the body. Figure 2 shows the SAR distribution towards human head when using mobile phone.
Figure 2 SAR distributions towards human head when using mobile phone [11] From [12] , it is shown that the computed total power absorbed by head tissues is P abs =0.795W with only mean SAR values over tissue balls are used in mobile phone norms. Table 2 shows the electrical parameters of various tissues at 900 MHz operating frequencies. 
D. Thermal and Non-thermal effects
Thermal effect is a direct result of heating resulted from a measurable temperature increase which is beyond the body's normal thermoregulatory process. The heating effect occurs in the exposed biological material such as tissue and cells due to the heating of such material. When using a mobile phone, most of the heating effect will occur at the surface of the head then causing the skin temperature to increase by a fraction of a degree. When the tissue temperature is increasing, the brain's blood circulation easily disposes of excess heat by instantaneously increasing local blood flow. However, the cornea of the eye does not have this temperature regulation mechanism. Tissues at some parts of the human head are more sensitive to damage due to increases in temperature. Nerve fiber is one part of human head which is sensitive to temperature increase because of poor vasculature structure. Non thermal effects resulted from a direct interaction between the RF radiation and the organism and can be carried away by thermoregulatory process. This effect could be reinterpreted as a normal cellular response to an increase in temperature.
III. METHODOLOGY
In the analysis of the influences of mobile phone towards human head, thermal imaging camera is used to measure the local temperature at the side of the face or the ear-skull region. Thermal imaging camera is capable to accurately measure two dimensional temperature fields with high thermal, temporal and spatial resolutions. From thermal imaging technique, indicator of the total temperature exposure caused by RF radiation from mobile phones can be created. Data will be collected based on average 45 minutes phone operations. Two types of mobile phones will be used, with internal and external antenna. Images (thermal distribution) will be collected every 5. Figure 3 shows different type of devices used in the experimental analysis including mobile phones with internal (built-in) and external antenna and thermal imaging camera model P60. 
IV. RESULT AND DISCUSSIONS
Volunteer is used in order to collect the result. Averaged talking hour is 45 minutes, and every 5 minutes, result will be collected using thermal imaging camera. The normal temperature of the human head before the analysis is approximately 34-35°C. Both front and side-view of the human head before and after talking time are taken and the result are as shown in Figure 5 and Figure 6 and data is summarized in Table 3 for temperature distribution through the human head. As shown in Table 3 , the highest place that have high effect of heat absorbed towards the human head is at near earskull region located and shows as grid number 3 (for side view data), with changes of 2.8°C-3.4°C. Data in Table 3 is collected before and after 45 minutes of operation.
The result is summarized in figure 7 for 45 minutes of operation for both types of mobile phones.The highest temperature occur at grid number 3 for side-view analysis with temperature rise from 34.6°C to 39.6°C during 20 minutes talking time with difference of 3.0°C. The temperature then decrease to 38.0°C after 45 minutes of operation for mobile phone with external antenna. For internal (built-in antenna), the highest temperature occur also at grid number 3, with 38.0°C after 45 minutes of operation. As can be seen, the region (grid number 3) has the highest impact on the heat absorbed compare to other area of human head. The result also shown with built-in antenna mobile phone, increment of temperature is more stable compare to mobile phone with external antenna. Since GSM 900MHz has the longer signal wavelength that make the signal coverage and propagation distance bigger, the output power produced is also higher.
In the experimental analysis, it is shown that the temperature of the human head will decrease at certain time interval due to changes of the environmental temperature, changes of the weather and blood circulatory system of human body. From the specification given by manufacturer, external antenna handheld mobile phone has 0.88W/kg of SAR value and built-in antenna mobile phone has 1.69 W/kg. From the analysis, it is shown that mobile phone with external antenna has the highest thermal radiation effect although the SAR value is vice versa. This is due to the antenna itself that can cause direct radiation from the antenna towards human head as compare to mobile phone with internal (built-in) antenna. Besides, different mobile phone will also caused the different readings collected during the analysis. SAR value is dependent on the conductivity and density that may cause different radiation effects for both type of mobile phone. There is also possibility that mobile phone casing may limit and blocks the radiation for being radiated and absorbed by human head. Besides, the circuitry design of each mobile phone would also cause the different on reading collected. If the circuitry design of a mobile phone used a lot of copper and good conductor, the time for the mobile phone to heating up will be shorter and good conductor will absorb heat faster, thus higher thermal radiation will be emitted towards human head especially for mobile phone with external mobile phone.
IV. CONCLUSIONS This analysis shows that the human head can absorbed the radiation from the mobile phone easily. This radiation is socalled the thermal radiation where the human head temperature increase significantly as the talking hour (period of time using the mobile phone) increased. Mobile hand phone with external antenna shows high increase after 15 minutes operation compared to mobile phone with internal antenna. Some limitation of the project that may affect the result is the posture and gesture of the volunteer when using the mobile phone when data collection is being made. The volunteer cannot maintain the same posture and gesture on holding the mobile phone, movement, sitting and head position for 45 minutes period of time that will result the displacements and rotations of the head when using thermal imaging camera. Besides, extra movements of the volunteer might also caused temperature changes that were not caused by the electromagnetic radiation from mobile phone.
